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ABSTRACT

Employees at an ammonium perchlorate (AP) produ_ction facility in Nevada and a
* larger control population from the same chemical complex without direct AP
exposure were monttored extensively 1o &Girborne pef*hiarété exposure. Single
' shift gnd working lifetime cumulaﬁve dose estimates were :ﬁadé using standard
breathing rate estimates and assuming rapid absorption based i.xpon sélubility.
Calculated single shift doses ranged from 0.2 to 436 ugikg witﬁ an average of 36
uglkg. Working lifetime cumulative doses in the higher exposure group ranged |
from 8,000 to 88,000 pg/kg with an average of 38,000 ug/kg. Thyroid profiles
including free thyroxine index (FTi) and thyroid stimulating hormone (TSH) were
obtained both pre-shift and post-shift to assess thyroid axis perturbation due to .
éing!e working shift perchlorate exposure. Thyroid function data were also
analyzed with respect to estimates of cumulative exposure to assess any
measurable chronic effecf.s on thyrbid gland function. Additionally, standard
clinical blood test paraineters of liver, ki;dney, and bone marrow function were
éva!uated to assess any measurable chronic effects of perchlorate exposure on
those 6rgéﬁs. iéu!tip!e regressien vgas used to ‘assess effects 6f ex'posur'e‘:
4vaﬁabl!es and deniggravphi.{: variables on organ fut'1ctionl paran'aet.grs. No
;;erch!orate attributébie‘ éffe#ts | .on thyroid, -bone' mar'row',»' kidney, or liver

fdncfion' were detected.




INTRODUCTION

Ammonium Perchlorate (AP) has been used as an oxidizer component in solid
propellant for rockets, missiles, and fireworks for over 50 S/ears. AP is very
;oluble in water where it dissociates inte its compcnené fons and can persist for
many decades uﬁder typical ground and surface water conditions. Most of the
United States’ AP production over the past half century has beeﬁ at' two
separaté facilities ﬁear Las Vegas, Nevada due to the high electricity and low

humidity requirements for the process and storage of AP. |

Recenfc (April 1997) advances in the analytical detection capa'bility for low
concentrations of perchlorate have resulted in the lowering of the reporting
threshold from 400 down to 4 parts per billion (ppb). 'As a result, perchlorate
has been discovered in ground water near various manufacturing sites in
California, Nevada, and Utah. Perchlora.te has also been detected at ppb levels
in Lake Mead and in the Colorado River downstream from Lake Mead, which
vtog'elther serve as ;'1\ drinking water source for approximétely 20 million people in

Nevada, AriZzona, and Southern California

Our knowledge of th:e health ‘effects of perchlorate in humans aerives primarily'
'from studies and reports on ‘baﬁents with Graves’ diséase. Potéssiqn"n
perchldrate was ‘w‘idely used in the tféatrh‘ent of hyperthyroidisﬁ during fhe
1950’s and early 1960’s. The perchlorate ion readily absorbs systemically from

the Gl tract. lIts physiological effect is to reversibly inhibit iodide uptake in the




thyroid, thereby lowering thyroid hormone ieveis and controlling the symptoms
of hyperthyroidism. Alterations in thyroid function are thought to be the most
sensitive potential effept from low level environmental contamination.
Perchlorate is excreted unchanged by the kidneys with a half life of

approximately 6 hours?29,

Studies of perchlerate in Graves; patients range in dﬁration from a single dose?
to several 'weeks 234,5678810,  QOne case study'! reports treatment w@th
perchiorate in a single patient for 22 year;s. Doses of per'chlqrate range from <
1 mgl/kg-day! to > 20 mg/kg-day? with typical doses in the rax;sge of 6-14 mglkg-
day. Effects observed include the blockage of iodide uptake and iodide
 discharge by {hyfoidf, gastréintestina{ irritation, skin rash23, and hematological -
effects including agranulocytosis and !ymphadeno;athya's. Seven cases of fatal

aplastic anemia were reported during the period 1961 - 1966 at doses of 6-14

.mglkg-day+46.7.89,10,

Two studies examined the effects of perchlorate in healthy volunteers. Burgi et
-al2 studied perchlorate at 9.7 mg/kg-day on five subjeqté for ‘eight days and
Brabant et al'3 studied perchlorate at 12 mgikg-day on five subjects for four

weeks. Both studies observed effects on the thyroid at these doses.

" Perchlorate is currently used in several _European countries to prevent
‘.hyperi;h'yro'id' side effects . from “an antiarrhythmic cardiovascular drug,
amioderone. Patients are typidaily treated with doses up to 14 mglkg-day and

usage in this context has not been reported to result in aplastic anemia.




Perchlorate is still available in the US for administration (200-400 mg given by
mouth) % to 1 hour prior to the administration of NaTc04. for brain, blood pool
imaging, and placenta localization. Perchlorate ions block the uptake of 9%TcO4

ionsin th‘e choroid plexus, salivary, and thyroid glands.

Employees at the two AP facilities in the US have beén exposed historically to
perchlorate occupationally through the réspirétory, and bossibly through the.
oral routes. Significant abso{'ption of perchlorate through intact skin is unlikely;
however significant systémic absorption of inhaled perchlorate through mucous
membranes in the respiratory and Gl tracts is likely due to its high aqueous

solubility at body temperature.

No specific OSHA standard for perchlorate exists, and it has been categorized
as a nuisance dust with an 8 hour time weighted average permissible exposure
limit of 15 mg/m3. Safety concerns due to explosion potential have ‘been
~considered to outweigh any risk of pharmacologic effect from exposure. In
1988 one of the two facilfties. near Las Vegas blew ﬁp énd was subsequently
rebuilt in Utah. Commercial production of AP was discontinued in June, 1‘.998 at
the fééilify n_éér Las Vegas which left the Utah piant as the on'l'y' production
facility inthe U:S.. | ' | '

This ’stﬁ.dy was started in Séptember 1997 to determiné the levels of per&hloraté
exposure, both. acute and ch’ro'nic,. among workers at the ammonium

~ perchlorate production facility near Las Vegas and to.determine if there are any




measurable adverse effects on thyroid, bone marrow, kidney, or liver.function
using routine clinical blood tests. New exposure and biological monitoring data
were obtained and analyzed in conjunction with previously obtained medical

surveillance data at the facility.

METHODS

STUDY TIMELINE
This study was carried out at an AP production facility and an associated AP -
A crbssbtending facility near Las Vegas. A medical surveillance program was -
. started at those facilities in 1994 that included a blood test (CBC and serum
chémistries), a medical history, and a physician exanﬁnation. For 12 months
starting in early January 1996, a thyroiq panei was added to the blood tést. In
early 1997, evaluation of the 170 thyroid tests obtained in 1996 did not indicate
any difference between perchlorate exposed employees and those without

exposure; however no exposure estimates were available.

| fn Séptember 1997, a campaig_n was initiated to obtain pre-shift and post-shift
. thyroid proﬁles on as many employees as possible, both exposed'an'd nan
éqused (al! volun{ary) and to fully characterize éxposures. In all, 133
gmploy'ees volunteered for pré-éhift and' p’ost-shift"b‘looq tests and. 24 fulé 'shift
breathing zone exposure measu;em_elnts' (with deiectabie levels of AP)were:
) made. ln March '1‘9'98, another can‘npaign“waAs initiated to measure wofke(
exposures using a much rhor_e sensitive analytic method. This tii'ne. 95 full-shift

personal breathing zone exposure measurements and 25 full-shift area




exposure measurements were made. In addition, 16 more pre-shift and post-
shift blood tests were obtained on the mare highly exposed employees during
this same time period. In October 1997, the sale of the AP business was

announced and commercial production of AP at the facility ceased in June 1998.

EXPOSURE ASSESSMENT

. Breathmq Zone Persconal Samphnq Methods: Full shift sampling was carried out
under the direction of a certified industrial hygiemst using 5 pm polyvinyl
chloride ﬁ!ters in 37mm closed-face cassettes. Air was sampled at a rate of 2.0
liters per minute using standard industrial hygiene sam.pling 'pu"rﬁps which were

calibrated daily.

Analytical Methods:

The September 1997 laboratory analysis of the filter cassettes, based on
quantiﬁcation of ammonium ion using NIOSH method 6016 (LabCorp Analytics)
had a minimum reporting limit ef agproximately 17 ug/ M3, The March 1998,
‘analysis carried ouf at Montgor‘nery Watson Laboratory in Pasadena, California
usmg 300.0 modified EPA metheddlog'y (ClO« determmatlon using ion
chromatography) had a minimum reporting hmlt of approx«mately O 04 pgl M3

With this method perchlorate was detectable in ali piant areas and in many

offices of em'p|oye'es who 'frequented the AP process areas whereas with the =

September 1997 analys:s a-large percentage of the samples were reported as -

non detectable. Exposure levels in the dustner areas of the facility appeared to

compare quite well. -



EXPOSURE GROUPS:

Eight homogeneous exposure groups were defined based upon sirﬁilar job
activities and exposure potential. These included a control group who were
never in the production areas, maintenanﬁe workers and for;emen who were
casually in the production areas and six discrete operator job categories.
Multiple samples were taken for each of tixcse aroups (total of 119 personal
breathing 'zone samples) to determine the distribution of exposures for that
| group. For the control employees v;lorking in non AP other areas of the plant,
exposures - were estimated using the .19 full shift area samples that were
collected in areas of the plant where the majority of the control employees

worked.

Emplbyees in one of the dustiest homogeneous exposure group routinely wore
respirators during the dustier job cycles. When a respirator was used
intermittently during the dustier activities, the exposure concentration was
adjusted Bownward by 65% based upon two full day assessments wher} t_hg
: 'indu'strial hygienisi Ehanged filter cassettes eve.ry time the employee put a

. respirator on or took it off.

" DOSE ESTIMATION:

: base was esﬁmétéd by:

[respiratory rate] x [inhalation concentration] x [exposure duration] x [fraction absorbed]




Respiratory rates of 0.0068 M3/Kg-hr and 0.0165 M3/Kg-hr were estimated for
sedentary and active workers respectively based on work by Beals et alt4,
Active workers in this study were assumed to perform work in the “moderate”
category from Beals et al, which included walking 2-3 mph, woodworking, yard
work, house work, and car repair, while sedentary workers were presurned to
perform work characterized by the “low” activity group. Average weights of 89
' Kg and 74 Kg respectiveiv for men and women were used based upon company
medlcal records. Daily respiration volumes for an actlve 70 Kg worker are thus

9.2 M3 over an 8 hour shift and 13.9 M2 over a 12 hour shift.

The estimated fraction absorbed is based or1 work by Boeoker15 'with CsCl in
beagles. That study .indicated that, on average, 78% of inspired CsCl aerosol
(based on breathing rates and average air concentratioﬁs) was retained initially
in the aninﬁals. Due to its h‘igh aqueous soiubility at body temperature, it was

‘assumed that AP is similarly absorbed.
Single shift_dose estimates: The exposure duration was taken as the time
elapsed between the preshift and postshift blood tests. The exposure

concentration was directly measured for that shift.

Workmg hfetime dose estimates: Personnel records were reviewed and

employees were mtervnewed to determme the number of years worked in edch »
. of the'seven homogeneous exposure groups. An average of 2,000 Hours worked .
yearly was assumed based upon typlcal overtime rates at the facilities. Each

subject’s working lifetime cumulative dose was then estimated as:




10

Z [mean group exposure] x [years in exposure group] x 2,000

BIOLOGICAL ENDPOINTS:

Thyroid function : The standard ciinical thyroid profiles included a total serum

fhyroxine (T4) , triiodothyronine resin uptake (T3U), and an ultra )sensitive
.Thyroid Stimulating Hormone (TSH) assay. The free T4 index (ET(),' calculated
as the product of the T4 and T3U, is considered the bé;t estimate of free T4.
Two different clinical reference laboratories were used in this study. LabCorp
(Kansas City) was used for the 1996 thyroid profiles at the time of routine
medical surveillance exams. Associated Pathologists Labs (Las Vegas) was
used duriqg 1997 - 1998 for thyroid blood tests collected pre and post shfit. This
selection was made primarily due to the laberztory’s cloée proximity to the

production facility.

Bone marrow function: Standard tests from the complete blood count (CBC)
obtained during mediéal su&eillance examinations iq ‘!996, ‘1997. and 1998
were used to assess hematopoetic function. These included the-ﬁemog!obin
level (HGB), hematocrit (HCT), red blood cell count (RBC), mean corpuscular
vb!ume (ﬁ@QV), .wh'.ité blood cell count (WBC), and- platelet count. All tests were

performed by LabCorp in Kansas City.

" Kidney and liver function: Standard serum chemistries obtained during medical
~ surveillance examinations in 1996, 1997, and 1998 were used to assess kidney

and liver function. Tests of kidney function included serum creatinine level and
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blood urea nitrogen (BUN) level. Tests of liver function included serum glutamyl
pyruvic transaminase (SGPT), serum glutamyl oxaloacetic transaminase
(8GOT), g-glutamyl transpeptidase (GGTP), and alkaline phosphatase. All tests

were performed by LabCorp in Kansas City.

STUDY DESIGNS

The sinqle shift thvroid effects study was designed to detect any measurable
transient effects on the thyroid axis due to exposure on a single day.
Participation in thi_s study was voluntary on the part of the emp!oyees.
Employees taking thyroid medications were intentionally not discouraged from
volunteering for blood tests in order to protect their medical confidentiality and
to encourage honest self reporting of thyroid rrluedication status. vNominal -
rewards were offered to encourage oarticipation.' All employee exposure days
(24 exposure days on 18 different individual employees) were identified during
) Which breathing zone exposure monitoring was conducted on the same day that

the individuatl volunteered for pre-shift and post-shift blood thyroid tests.

. All employees who volunteered for blood tests in 1997 and 1998.comple’ted a |
one pag,e qoestionnaire indicating whether or not they ﬁad had worked in the
AE process areé in the preceolirig.so deys, how much they had slept i'ri their lasf
sleep perfod and when they had av'voke'n The time of day that each bload |
sample was taken was recorded For each of the exposed group, a shift dose
. estxmate was made based upon exposure monitoring for that speclf‘ ic shift and
the elapsed t:me between the pre-shift and post-shift blood tests. For this study,

the control group (92 employees) was selected from all employees who
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volunteered for pre-shift and post-shift thyroid function tests and who indicated
that they had not worked in an AP area in the preceding 30 days. Nine
empioyees-who indicated that they were taking or had ever been advised to ﬁake
thyroid medication were excluded from either gro'up for statistieal analysis (all
controls, reducing the control group to 83). Thirty employees with a history of
exposure within the preceding 30 days but who were not monitored'during the
specific shift t.'e.et the blood tests were taker were also excfuded from statistical

analyses (but were included in the working lifetime study).

Working lifetime thyr;oid effects’stue!y. Of the 254 employees at the plant, 170
employees had a thyroid function ’ test with their medical surveillance)
examination in 1996. In addition 130 employees (294 biood tests) volunteered
for pre-shift and post-shift thyroid studies in 1997 and 1998. Employees who
had never ;Norkeci in any jobs with AP exposure based upon personnel records .
were identified as the control group and dose estimates. were made based upon
area monitoring for perchlorate and job type (sedentary or actwe) Cumulative
' dose estimates were made for the remainder of the employees for whom thyroid
functlon data existed. The exposed/group arbitrarily stratxﬁed-into a high
‘cumulative dosegroup ( > 8,000ug/kg) and a low cumulative dose group (<
8,000 pglké); As with the single effects si:.:dy, any employees indfqating that
they were taking or iiad been advised to take ihyroi'd medibation were excluded: - -
‘(9 controts, 2 from the high dose group). Medical records were reviewed and
employees questxoned if either the TSH or FTI was more than 3 standard.

deviations from the mean to assure the !ack of a known chmca! diagnosis.
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Working lifetime kidney, liver, and bone marrow function study: Using the group

defined for the working lifetime thyroid effects study, all routine blood tests from
medieal surveillance exams in 1996, 1997 and 1998 were identified. Standard
tests on the blood panel were selected as indicative bone marrow, kidney, or
liver function. Working lifetime perchlorate doses were estimated for the date

that each blood sample was collected.

STATISTICAL METHODS

Multiple regression was used to study the relationships between measures of

thyroid function, bone marrow function, liver function or kidney function and

various potential explanatory variables. A sequential appreach was used to

determine whether a dependeht variable would be log-transformed and whether

any outliers would be eliminated from an analysis. First, an ordbinary multiple
regression was applied to all of the data using the untransformed dependent
variable. If the residuals from this regression were sigrrificantly non-normal (p <
0.05) by the Wilk-Shapiro test'® the regression was repeated using the log-
transform of the dependent variable. [f these residuals were found to. be
Asign‘iﬁ.cantly non-normal, the regression using the untransfer'med variable was
repeated with outliers omitted. (Ah outlier was defined statistically as a value
whose cprresponding residual was larger in absolute vaiue than three standard

de\iiations.) Finally, if these resrduals were feund to be non-normal the

regressron was repeated using the Iog-transformed independent varlable and with

outliers elrminated (However, log-transforms were not considered in analyses of

the single shlft study.) The multlple regression reported herem was from the data
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set for which residuals were found to be satisfactorily normally distributed (p >

0.05).

Once a data set with normally distributed residuals was obtained, a regression
was perforined that took account of the fact that multiple measurements were
made on the same subject. This regression was conducted using the MIXED

procedure in 845, and permitted multiple measurements on the same individual

to be correlated'.

The dependent variables evaluated in the single shift study were thel cross-shift
Ehange {post-shift minus pre-shift) in meaéures of thyroid function, T3U,T4, FTi
and TSH. The non-perchlorate explanatory variables used in the acute study were
race, gender, age, hours awake prior to pre-shift tast, number of hours slept
during the most receni period of sleep priof i0 tesiing, time of day (indicator of
.whether or not pre;shift test was conducted hefween 6 AM and 6 PM) and shift
length (8 or 12 hours). The perchlorate variable used was the single shift

exposure estimate in uglkg-déy,

The dependent variables evaluated in thg working lifetime étudy were measures
- of thyreii! f'.;,'ecﬁen iT3, }'4,AF_T,!, TSH), measures of hematelogical fuhétion (HGB,
HCT, RBC, MCV, WBC, ‘platelets), measures ‘of fiver function (SGOT< “ssé-r, B
GGTP, alkaline phosphat'asé) and ‘me,a's'ﬁre;"of kig!néy function (BUN, creatinine). -
"The non-perchlorate explanatory variables used in the working lifetime étudy
were age, gender, and race. For thyroid tests, an additional explanatory variable

was added to indicate whether the‘measuremen't was from a routine physical
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examination in ‘i996, for a pre-shift examination in 1997-98, or a post-shift
examination in 1997-98. The perchlorate dose variables used were group kcontrol,
lowh dose or high dése) and estimated total working lifetime cumulative
perchlorate dose in p.gikg. The group variable and estimated total working
lifetime perchlorate dose were not both used in the same analysis; rather the
analyses described abqve were conducted twice, once using a group variable,

and once using the estimated total dose variable,

Contingency table analyses '(SAS, 1989) were performed to evaluate whéthey the
percentage of individual;e, were elevated TSH, low FTl, low HGB, low WBC or low
platelet coﬁnt (defined as out of the normal ranges for these endpoints provided
by the laboratories) was different arﬁong controls, low exposure and high |

exposure groups. These analyées were performed both using individual test |
results as the basic sampling unit (ignoring the fact that. multiple tests were
performed on the same individual), and using individuals as the basic sampling
unit by assigning an individual the common result of multilple tests wﬁen all tests
on the individual were in ...agreement, and eliminating individuals (no more than

five in any analysis) whoée test results were not in agreement.
RESULTS

EXPOSURE CHARACTERIZATION FOR HOMOGENEOUS EXPOSURE GROUPS
“A summary of the exposure -characterization for the eight-homogeneous

exposure groups is presented in Table 1. Although the controls exposdre was
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non zero, it was sevei-al orders of magnitude lower than that of the exposed
groups. Maintenance and first line supervisors who were casually in the area
were grouped together and had significantly lower exposure thao all but one of
the operations jobs. The measured exposures in this table do not account for

occasional respirator use.

SINGLE SHIFT STUDY

Results from the single shift study are presented in Tables 2, 3 and 4 and in
Figures 1 and 2. Residoals were normally distributed (p>= .05) in each case. As -
| shown in Table 2 exposures were monitored on a total of 18 different workers -
(24 separate shifts) on shifts that th.e worker volunteered for pre-shift and post-
shift blood tests. Estimated doses ranged from 0.% - 436 pg/kg-day with a mean
and median of 36 and 13 ugfkg -day respecﬁveiy.‘ Table 3 demonstrates that
exposure (dose estimate) was not a sianificant oredictor of the cross shift
change in any of the thyroid parameters (p-values ranged from 0.52 to 0.84). The
only significant finding was that cross-shift TSH changes was greater for those

who worked 12 hour shifts than for those who worked 8 hour shifts.

-Of the exposed group, 25% worked 8 hour shifts and 75% worked 12 hour sh:fts
while 76% of Lne controls worked 8 hour shifts and 24% worked 12 hour shsfts
The cross-shlﬁ TSn mﬁerence correlated strongly with shift duration (p=. 01) ‘
w;th the 12 hour shift accountmg m a 0 45 UlUIml increase across the shtft.‘
: Table 4 detalls the cross-shlﬂz dlfference in TSH by group ‘and by Shlﬂ’. duration..
No other statis‘ticaﬂy' signiﬁcant correlations were detected in cross-shift

changes in thyroid parameters and explanatory variables tested.
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WORKING LIFETIME STUDY

Results from the working lifetime study are presented in Tables 5-7 and in
Figures 3 and 4. Residuals were reasonably normally distributed (p>= .04)
except for SGPT (p=.0008). As shownin Tables § and 6, working lifetime

perchlorate dose estimates ranged from 500 to 7,000 (mean = 3,500) pg/kg for
the low dose group and from‘8,000 to 88,000 imean = 38.000) ug/kg for the high -

dose group. Tenure for the two exposure groups combined ranged from 1 to

27 years (mean=8.3).

As shown in Table 7 no significant correlations with estimated lifetime
cumulative perch!orate dose were detected in any of the measures of thyroid,
bone marr.csw, liver, or kidney function. Using the stratified groups in the
regression analyses, the white blood cell count was higher for the low dose
group than for the control or high dose groups (p=.04). No other significant
group effects were detected. Thyroid tests appeared to differ statistically
between the two reference laboratories used but no age or gender associations

weﬁe noted for TSH or FTI.

Statistically sign.iﬁcant gender and race diffet_'e.nlces were appareni in tﬁe
clinical tests of bone marrow function, liver fur‘tctiori, énd-kidnég} function.
.Hemdglobin, hemat,ocrit, SGPT, GGfP, aﬁd creatiﬁine we're all slightly lower in
..females relafive to males. Black workers had éiightly lower _henﬂogldbii;u and

hematocrit values and slig‘htly higher creatinine levels relative to white workers.
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A separate analysis was performed to evaluate the number of blood tests and
individuals with an elevated TSH, low FTl, low HGB, low WBC or low plateiet
count in eac‘h group. No exposure attributable effect of perchlorate was

apparent when looking for these specific abnorfnaﬁties.

DISCUSSION

The data presented in this report show c!eérly that at the inhalation exposure
levels typical at the Henderson AP facility, there was no observable trend
toward thyroid, bone marrow, kidney, or liver toxicity as measured with routine
clinical blood tests. The correlatioin of haft du ation with cross-shift change in
TSH is consistent with published reports) of circadian changes in serum TSH
levels17.1819, The majority of employees started theif shift within 1-4 hoﬁrs of
awakening. The énd of an 8 hour shift would coincide with the end of the
p!atgau in TSH levels prior to the evening rise in leve!é. The end of a 12 hour |
shift would coincide with a period when TSH has started to rise or ‘has been

rising for a few hours.

Average single sﬁi{t eprsUres in this stﬁdy were 36 pgl/kg-day. \}vhilg the -
’_ maximum sing'!e shift exposure was 436 pglkg Qay. equivaier;t to 0.4% and 4%
' respectively of the dalty dose that was typical in the treatment of Graves

disease (6 000 14,000 pglkg-day) Average working lifetime cumulative doses
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for the high and low dose groups were 38,000 pg/kg and 3,500 pglkg

respectively over an average 8.3 year period of time. These average working
lifetime cumulative doses are equiQa!ent to 1/z and 5 times the daily dose
typically given for Graves disease for the low and high dose groups
respectively. The highest cumulative perchlorate dose in this study (‘88,'000

pa/kg over 10 years) is equivalent to the cumulative dose typically prescribed in

the treatment of Graves disease over approximately two weeks.

: The. concern being addressed in this study, however, is that of low level
exposure through drinking water, not exposures through the respiratory route.
At this time, there are no reports in the literature speciﬁcally. on the absorptioﬁ ‘
of perchloraté salts through the resbiratory route in humans or i.nlanimals.
Principles of chémistd and physiology along with |imite<l:l(data on AP and other
soluble salts strbngly support the assumption made in this report that the

majority of inhaled perchlorate was absorbed.

’The exposure of concern is the perchlorate ion and not the particular
perchlorate Sa:\lt. Perchlorate salits dissociéte completely when dissolved in
~ water or aqueous tissues. The solubillity of ammonium perchiorate in Water at
body temperature is approximately the same as that of sodium chloride. One
would expect that,. inhaled AP Wpuld rapidly dissolve on moist muqdus_'
membranes iﬁ fhe nose, tﬁroat, mouth or lungs gxcept for a smali fraction that

c':ould‘be inhaled and exliéled without cohtacti'ng.a rriqist mddbus' membrane..




20

In humans, approximately 50% of 10p particulates are deposited in the mouth

and throat and 50% are deposited in the bronchial, bronchiolar or alveolar
region of the lung??. Particulates less than 10u are deposited relatively more in
the lung regions while particulates greater than 10p are deposited relatively
moré in )the‘ mouth and throat. Particulates that are deposited in the mouth and
" throat as well as many of tho:::e depositing in the trachea and brohchi will be
presented to ?he G! tract for absoépticn {thus directly comparable to AP in
drfnking water). Since perchlorate ion is excreted unchanged in the urine, it is
unlikely that there is any first-pass effect on absorbed perchlorate in the liver,

gut, or'lung.

Studies?1.222324 in beagles in the 1960’s using 137CsCl, a highly soluble
radioactive salt, supports the assuméticn that AP is rapidly absorbed
systemically through respiratory exposure. Talculations using measurements of
the air volumes inspired and mean exposure 137Cs air concentrations indicated
that an average of 78% (69-87%5 of the total inspired 17Cs was deposited
initially in these animals. The metabolism and dosimetry of 137Cs was shown to
be similar for the inhalation and intravénous routes Qf dosing. There wés rapid
translocation of inhaled 37Cs to other tissues so that 137Cs in the lz;tng became
one of the .Iowest tissues analyzed. Becausé the t7Cs was rather uniformly
distributed throughout the body, tlje thle body was considered the critical

organ for dosimetry purposes.
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Thyroid disorders are relatively common in the general population24.25.26.27,28,29
and increase with age with females typically having a higher prevalence than
males. Due to the difference in age groups of study populations and differences ,
in definitions of hypothyrbidism and hyperthyroidismiitis difﬁéult to compare the
prevalence of these diséases in dur study with other US studies. Con;parison |
with one st.udy (Remedios et al??) , however, is possible. They selected a group
-Of 2,606 adults without known history cf thyroid disease from nerthern California
and stratified the group by FTI.' 87% of their population had a FTl between 1.41
and 3.40, while in our study none of the controls or exposéd we;-e below 1.06 or
above 3.70 and 96.4% of our population were between 1.41 and 3.40. Age and
gender were not found to correlate significantly with indicés of thyroid functipn,
however, the number of females .in our study was relatively low (17%) and the -

age range relatively narrow (mean = 43.8, std dev = 9.4).

CONCLUSIONS

Calculated perchlorate doses from occupational expoéures to airborne AP dust
during the manufacture and crossblending of AP are two to threé orders of
magnitude'less than doses historically pfeédribed in the treatment of Gra.\./e's
disease. These same doses are:two to three orders of magnitude greater_than
. would result from cohsqrﬁbtion of ‘drinking water from Lake Meadlor the
Colorado Biver.. _Calculéted Working lifetime cumulative dose over an average

of 8.3 years.is up to 10 times the cumulative dose that would result from drinking
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water from Lake Mead or the Colorado River for a lifetime. No exposure related
effects on thyroid gland function (either acute or chronic) and no chronic

exposure related effects on bone marrow, liver, or kidney function were found.
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Table 1. EXPOSURE CHARACTERIZATION OF HOMOGENEQUS EXPOSURE GROUPS’
(all exposures In ug perchilorate/M3)

26

ontrols
Maint & Foremen,

perations job #1
Operations job #2
perations job #3
perations job #4
perations job #5*
perations job #6

N
19

25

10
11
14
13
32
14

AVG
0.036
236

206

369.0

92.4
2674
6146
627.0

STD

0.052
28.1

271
776.5
54.0
284.6
813.1
758.0

MIN

0.000
1.2

24
6.4
18.2
29.6
20.6
62.7

P25

0.000
52

44
293
52.0
63.3
81.6

178.1

MED

0.018
9.6

6.8
40.5
7341

169.3
313.3
383.8

P75

0.038
313

268
208.3
130.5
336.8
625.8
655.5

MAX
0.194
104.3

94.0
2,740.7
183.9
“971.6
3,350.0
3,070.0

* respirators routinely worn cn job #5 for the duster operations




TABLE 2

CONTROLS

83 TESTS

83 INDIVIDUALS

65 MALE, 18 FEMALE

63 8HR SHIFTS
20" 12HR SHIFTS

EXPOSED
. 24 TESTS
18 INDIVIDUALS
15 MALE, 3 FEMALE

¢ SHRSHIFTS
18 12HR SHIFTS

" THYROID FUNCTION TESTS FROM SINGLE SHIFT STUDY

POST-SHIFT

* hours between pre-shift and post-shift blood tests (>9 hrs = 12 hr shift)

. PRE-SHIFT

- DOSEEST AGE TENURE TIME* T3U T4 FTl TSH T T4 . FTl  TSH
AVG - 449 125 86 293 75 21 22 200 75 21 22
STD - 92 85 15 35 1.8 04 12 44 18 04 14
SEM - 10 -09 02 04 02 00 0.1 05 02 00 0.1
P25 - 38.1 57 78 274 64 19 15 268 66 19 14
MED ~— 444 109 82 291 73 22 21 288 73 22 20
.P76 - 511 17.7 89 318 83 24 28 309 82 24 27
AVG 362 412 93 102 298 70 21 22 294 73 21 25
st0. 852, 101 72 24 20 14 05 12 22 12 04 15
SEM 174 24 1.5 .05 04 03 01 03 05 02 01 03
P25 67 329 39 91 284 60 18 15 285 62 18 1.7
MED 133 372 67 113 293 70 21 20 - 291 75 22 21
P76 . 357 491 123 118 307 82 24 25 314 82 24 33

Lz




TABLE 3
MULTIPLE REGRESSION p-VALUES FROM SINGLE SHIFT STUDY

CROUSS SHIFT CHANGE
T3U T4- FTi TSH

DOSE ESTIMATE 0.83 0.88 0.94 0.52
AGE ' 0.84 0.80 0.80 0.75
GENDER 0.30 .0.38 0.95 0.46
RACE 0.25 0.83 0.45 0.06
HRS SLEEP 0.45 0.32 0.43 0.85
HRS AWAKE 0.49 0.44 0.44 .32
SHIFT TIME ' ‘ 0.20 0.31 053 0.18
SHIFT DURATION 0.36 0.51 0.46 0.01

HRS SLEEP = reported hours slept during last sleep period

HRS AWAKE = hours awake before starting shit

SHIFT TIME stratified into 6AM-6PM or 65PM-6AM at start of shift

SHIFT DURATION = 8hrs of 12hrs




TABLE 4 .

ANALYSIS OF CROSS-SHIFT TSH CHANGE

12 HOUR SHIFTS

8 HOUR SHIFTS

CONTROLS

EXPOSED

N=20
AVG=+25

N=18

AVG=+.38

N=63
AVG=-.13

N=6
AVG=+.12

29




TASLE S THYROCID FUNCTION TESTS FROM WORKING LIFETIME STUDY

‘96 EXAMS - LABCORP DOSE AGETENURE TU T4 FTi TSH
CONTROLS
120 TESTS AVG 75 437 106 320 844 254 225
120 INDIVIDUALS ~ STD 59 100 7.8 - 34 143 044 175
101 MALE, 19 FEMALE SEM § 08 07 " 0.3 043 004 0.6
P25 23 368 4.1 30,0 7.20 220  1.40
MED 64 428 8.2 320 8.40 280  1.82
P75 114 516 163 340 940 280  2.59
LCW DOSE .
26 TESTS AVG 3,369 443 538 321 826 258  1.84
26 INDIVIDUALS STD 1,771 B4 37 2.7 141 0.41 0.71
20 MALE, 6 FEMALE SEM - 347 18 07 0.5 0.28 008  0.14
P25 2637 393 28 300 7.30 225 140
" MED 3,323 433 56 320 8145 2.55 1.92
P75 4,048 430 78 340 9.28 2.88 2.6
HIGH DOSE :
22 TESTS AVG 28,629 399 88 319 807 235 234
22 INDIVIDUALS STD 21,038 7.2 57 48 209 068 251
18 MALE, 3 FEMALE SEM , 4,485 1.5 1.2 1.0 0.44 0.4 053
P25 ' 10,732 343 43 310 673 213  1.32
MED 20,723 397 7.7 320 775 235  1.84
P75 41,562 46.3 119 340 8.88 278 227
‘97-98 STUDY - ASSOCIATED PATHOLOGISTS LABORATORIES
: CONTROLS '
150 TESTS AVG 93 457 14.0 29.3 7.54 247 225
72 INDIVIDUALS STD 65 938 9.4 35 164 035  1.28
60 MALE, 12 FEMALE  SEM 5. 08 07 0.3 043 003 0.0
P25 38 383 68 27.2 660 1.95  1.40
MED 96 444 144 . 289 740 220  1.90
P75 . 431 536 189 31.8 828 243 270
LOW DOSE . ) .
40 TESTS .AVG 3649 469 7.3 28.3 7.87 222 = 2.54
18 INDIVIDUALS sTD . 1661 65 36 20 147 041 083
13 MALE, 5 FEMALE SEM 4 26 18 14 121 064 096
P25 2470 418 49 | 274 665 194 190
MED - 3405 455 71 283 8.26 228 250
P75 4504 509 9.3 29.2 885 247  3.10
HIGH DOSE ' .
86 TESTS " AVG 40,773 401 9.5 301 723 215 226
31 INDIVIDUALS STD ‘ 23263 82 6.0 40 160 047 170
27 MALE, 4 FEMALE SEM 2509 08 06 0.4 017 005 0.18
' P25 23405 349 46 28.5 6.43 1.81 1.33
MED 37,256 375 86 295 6.85 215  1.85

P75 ‘ 59,612 483 124 316 828 241 2.60




TABLE 6 .. LIVER, KIDNEY AND HEMATOLOGICAL TESTS FROM WORKING LIFETIME STUDY

LIVER KIDNEY BONE MARROW .
AGE TENURE DOSE .5G0T GGTP SGPT ALKP BUN CREAT WBC. RBC HGB HCT MCV PLATS
 CONTROLS _ . _
258 TESTS ) - AvV@ 443 114 76 - 244 427 258 796 15.0 1.03 6.56 4.872 15.03 4534 931 2367
133 INDIVIDUALS STD 957 79 56 - 139 1022 129 267 39 017 198 0346 121 353 47 496
112 MALE, 21 FEMALE  SEM 06 - 05 5 09 64 08 17 02 0.0 012 0022 008 022 03 31
P25 38.1 46 25 180 180 170 ©1.0 12.0 0.90 523 4.650 1430 4320 90.0 203.3
MED 438 107 . 67 220 290 230 740 15.0 1.00 6,20 4.890 1510 4520 93.0 2320
P75 516 167 114 278 428 300 948 18.0 1.10 7.40 5100 15.80 47.80 96.0 2620
LOW DOSE '

68 TESTS AVG 454 6.6 3,329 244 336 271 835 146. 1.01 7.36 4.980 1524 46.05 926 2231
27 INDIVIDUALS ' sTD © 7.05 35 1,79 102 214 182 279 34 017 239 0334 126 332 42 564
21 MALE, 6 FEMALE | ‘SEM -0.94 05 312 1.4 29 24 a7 0.5 0.02 0.32 0.045 017 0.44 0.6 75

- P25 40.5 3.7 2,048 180 178 160 650 - 120 0.90 5.58 4.803 14.30 43.85 90.0 1755
MED . 443 6.6 3,001 215 280 215 770 145 1.00 6.60 5.040 1525 4595 93.0 2290
P75 5§0.3 8.1 4,309 270 410 333 938 17 0 110 8.30 5.213 16.03 4830 950 265.8

HIGH DOSE _ ‘ .
AT TESTS AVG 40.1 9.7 29,561 299 716 774 866 15.7 1.04 6.54 4.965 15.01 4521 912 2299
25 INDIVIDUALS - STD 7.62 58 21417 36.7 207.4 3325 585 45 020 191 035 090 275 3.9 522
22 MALE, 3 FEMALE SEM 1.1 0.8 4,057 54 302 485 8.5 0.7 _0.03 028 0.052 0.13 040 0.6 76
P25 344 5.2 10,521 180 180 165 625 125 1.00 510 4730 14.55 4345 89.0 1930
MED 39.8 7.9 21,940 220 280 220 7.0 14.0 1.10 6.20 4.920 15.00 4530 920 2250

P76 46.9 13.6 47,501 285 415 340 940 19.5 1.10 7.70 5115 15.55 4715 94.0 269.0




TABLE 7

MULTIPLE REGRESSION p-VALUES* FROM WORKING LIFETIME STUDY 32
THYROID BONE MARROW LIVER KIDNEY

FTi TSH HGB HCT WBC PLT SGPT GGTP CREAT BUN
GROUP 034 092 0.18 0.14 0.04 0.17 0.82 0.81 0.77 0.33
DOSEEST 0.18 0.72 0.49 0.46 0.26 0.93 NA 0.33 0.85 0.77
AGE 0.12 072 0.40 0.05 _ 045 0.5 0.35 0.05 085 o.fzs
GENDER 0.23 0.76 0.0001 0.0001 0.90 0.06 0.0001 0.0001 0.0001 0071 7" '
RACE 0.28 0.04 0.02 0.10 0.27 0.27 0.01 0.39 0,001 073
REFLAB 0.0001 0.10 NA NA NA NIA NIA WA WA HIA

*pvalues for AGE, GENDER, RACE and REF LAB are the arithmetic average of p-values oblained using GROUP and DOSE EST




FIGURE 1 TSH, SINGLE SHIFT STUDY
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| FIGURE2 FTI, SINGLE SHIFT STUDY
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TSH, UlU/mi (normal 0.4-6.0)

FIGURE 3 'TSH,_ WORKING LIFETIME STUDY
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FT1 {normal 1.25-4.55)

FIGURE 4 FTI, WORKING LIFETIME STUDY
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